



6LPLODU WRPDQ\&HQWUDO$PHULFDQ FRXQWULHV WKH+RQ
GXUDQUXUDOVHFWRULVFKDUDFWHULVHGE\ORZOHYHOVRISURGXF
WLRQDQGLQFRPHZKLFKDUHDWWULEXWHGWRDODUJHSURSRUWLRQ








RIXQVXVWDLQDEOH ODQGXVHZKLFKKDV OHG WR HQYLURQPHQWDO
GHJUDGDWLRQSURGXFWLYLW\ORVVHVIRRGLQVHFXULW\DQGJURZ
LQJFOLPDWLFYXOQHUDELOLW\
5HFRJQLVLQJ WKHVH PDMRU FKDOOHQJHV WKH LQWHUQDWLRQDO
FRPPXQLW\ KDV EHJXQ WR UHDGRSW WKH ROG LGHD -RKQVWRQ
DQG0HOORU  WKDW DJULFXOWXUDO SURGXFWLYLW\ JURZWK LV
DQHVVHQWLDOFRPSRQHQWRIDQ\GHYHORSPHQWVWUDWHJ\:%
0RUHRYHULWLVQRZEHOLHYHGWKDWSROLF\H൵RUWVWKDW
IRFXV RQ DJULFXOWXUDO GHYHORSPHQW FDQ PDNH D VLJQL¿FDQW
FRQWULEXWLRQ WR WKH0LOOHQQLXP'HYHORSPHQW*RDOV HVWDE
OLVKHGE\WKH8QLWHG1DWLRQVLQDQGWRWKHPRUHUHFHQW
6XVWDLQDEOH'HYHORSPHQW*RDOV6'616DFKV
$ NH\ VWUDWHJ\ WR LQFUHDVH DJULFXOWXUDO SURGXFWLRQ DQG
WKHUHE\LQFRPHLVWKHSURYLVLRQRIDJULFXOWXUDOH[WHQVLRQVHU
YLFHV%LUNKDHXVHUet al$QGHUVRQDQG)HGHU
:% $Q H൵HFWLYH GL൵XVLRQ RI NQRZOHGJH QRW RQO\
UHGXFHVWKHJDSEHWZHHQODERUDWRU\H[SHULPHQWVDQGIDUP
HUV¶ ¿HOGV EXW DOVR GHYHORSV WKH VNLOOV QHFHVVDU\ IRU JRRG
IDUP PDQDJHPHQW SUDFWLFHV DQG VXVWDLQDEOH GHYHORSPHQW
:LQWHUVet al
$OWKRXJK WKH OLWHUDWXUH IRFXVLQJ RQ WKH HYDOXDWLRQ RI
DJULFXOWXUDO SURJUDPPHV LQ GHYHORSLQJ FRXQWULHV LV JURZ
LQJ WKHUH DUH VWLOO YHU\ IHZ TXDQWLWDWLYH VWXGLHV DVVHVVLQJ
SURJUDPPH LQWHUYHQWLRQV IRU SRYHUW\ LQ &HQWUDO $PHULFD
%UDYR8UHWDet al5LJRURXVPHDVXUHVRIWKHLPSDFW
RI DJULFXOWXUDO GHYHORSPHQW SURJUDPPHV WKDW WDUJHW SRRU
SHRSOH DUH QHFHVVDU\ QRW RQO\ WR FRQWULEXWH WR DQ HPHUJ
LQJOLWHUDWXUHEXWWKH\FDQDOVRKHOSGRQRUVDQGJRYHUQPHQW
DJHQFLHV GRFXPHQW WKH LPSDFW RI WKHLU ¿QDQFLDO FRQWULEX
WLRQVDQGWKXVLPSURYHUHVRXUFHDOORFDWLRQ+HLQULFKet al
3HWULNRYD
,QLWLDOO\ DSSOLHG LQPHGLFDO VFLHQFHV WUHDWPHQW HYDOXD
WLRQ WRROV KDYH EHFRPH LQFUHDVLQJO\ SRSXODU IRU DQDO\VLQJ
SROLF\ LQWHUYHQWLRQV DFURVVGLVFLSOLQHV SDUWLFXODUO\ LQ HFR
QRPLFV$FHQWUDOFKDOOHQJHRIDOOWKHVHWRROVLVKRZWRGH¿QH






WKHUH LV D UHDO ULVN RI VHOHFWLRQ ELDV WKDW FDQ RYHUHVWLPDWH
RUXQGHUHVWLPDWH WKH LPSDFWRI WKH WUHDWPHQW 'XÀRet al





UHVRXUFH HFRQRPLFV DUH GL൶FXOW WR LPSOHPHQW 5DYDOOLRQ
+HLQULFKet al7KXVPXFKRI WKHHYDOXDWLRQ
ZRUNKDVUHOLHGRQTXDVLH[SHULPHQWDOGHVLJQVRIWHQLQFRU
SRUDWLQJ SURSHQVLW\ VFRUH PDWFKLQJ 360 PHWKRGRORJLHV
:%
7KH SXUSRVH RI WKLV VWXG\ LV WR HYDOXDWH WKH LPSDFW RI
WKH0$5(1$Manejo de Recursos Naturales en Cuencas 
PrioritariasSURJUDPPHLPSOHPHQWHGLQ+RQGXUDVEHWZHHQ
DQG)RUWKLVSXUSRVHZHFRQGXFWDGHWDLOHGFRP
SDULVRQRI LPSDFWPHDVXUHVREWDLQHG IURPD UDQJHRISUR
SHQVLW\ VFRUH IXQFWLRQV DQGPDWFKLQJ DOJRULWKPV FXUUHQWO\
XVHG LQ HFRQRPLF UHVHDUFK 2YHUDOO QR VLQJOH VWDWLVWLFDO
PHWKRGKDVHPHUJHGDV WKHSULQFLSDOGRPLQDQWRU VXSHULRU
FKRLFHDQGWKHQXPEHURIDSSOLHGVWXGLHVWKDWFRPSDUHVWKH
SHUIRUPDQFH RI GL൵HUHQWPDWFKLQJ WHFKQLTXHV LV YHU\ OLP




















WUDGHR൵ EHWZHHQ WKH ELDV DQG YDULDQFH RI WKH HVWLPDWRUV
$XJXU]N\ DQG.OXYH $XVWLQ $V D UHVXOW LW




2XU DQDO\VLV IRFXVHV RQ WKH 0$5(1$ SURJUDPPH
ZKLFK ¿QDQFHG DFWLYLWLHV GHVLJQHG WR HQKDQFH DJULFXOWXUDO
SURGXFWLRQ SURGXFWLYLW\ DQG WKH VXVWDLQDEOH PDQDJHPHQW
RI QDWXUDO UHVRXUFHV LQ SUHGRPLQDQWO\ SRRU UXUDO DJULFXO
WXUDO DUHDV LQ+RQGXUDV'HWDLOV RI WKH SURJUDPPH FDQ EH
IRXQGLQ%UDYR8UHWDDQG%UDYR8UHWDet al
7KHXOWLPDWHJRDORI0$5(1$ZDVWRUHGXFHUXUDOSRYHUW\


















,Q VXPPDU\ RXU PDLQ UHVXOWV FRUURERUDWH WKH ¿QGLQJV
UHSRUWHGLQ%UDYR8UHWDet alZKRXVLQJRQO\WZRWUD
GLWLRQDOPDWFKLQJ WHFKQLTXHV RQHWRRQH QHDUHVW QHLJKERXU
11DQGNHUQHOUHJUHVVLRQIRXQGLPSDFWHVWLPDWHVUDQJLQJ
IURP+1/WRLQIDYRXURIWKHEHQH¿FLDULHVRI
WKH0$5(1$SURJUDPPH ,Q DGGLWLRQ EDVHGRQEDODQFLQJ
WHVWVDQG WKH VWDELOLW\ LH VLPLODURIPDJQLWXGHVRI LPSDFW









)RU HYDOXDWLRQV ZKHUH WKH REMHFWLYH LV WR PHDVXUH WKH
$YHUDJH7UHDWPHQW(൵HFWRQ WKH7UHDWHG$7(7DQGRQO\
TXDVLH[SHULPHQWDO GDWD DUH DYDLODEOH DV LQ RXU FDVH LW LV
QHFHVVDU\WRJHQHUDWHDFRQWUROJURXSZLWKREVHUYDEOHFKDU
DFWHULVWLFV IRU LQGLYLGXDOV WKDW DUH DV FORVH DV SRVVLEOH WR




WKH WUHDWHGVXEMHFWV *HUWOHUet al7KLV VHOHFWLRQ LV
EDVHGRQDVHWRIREVHUYDEOHFKDUDFWHULVWLFVFRYDULDWHVWKDW
DUH QRW D൵HFWHG E\ WKH WUHDWPHQW &DOLHQGR DQG .RSHLQLJ




















WDWLRQDOO\FXPEHUVRPHLI WKHQXPEHURIFRYDULDWHV LV ODUJH
'$JRVWLQR
7KH11 DOJRULWKPZLWK DQGZLWKRXW FDOLSHU KDV EHHQ
ZLGHO\ LPSOHPHQWHG LQ LPSDFW HYDOXDWLRQ VWXGLHV DQG KDV
EHHQ FDOOHG µJUHHG\¶7KHPDLQ LGHD LV WKDW WKH RGGV RI D
WUHDWHGXQLW¿QGLQJLWVEHVWPDWFKIURPDUHVHUYRLURIFRQWUROV




XQLWV LQ WHUPV RI D VSHFL¿HG GLVWDQFH2QFH D WUHDWHG XQLW
¿QGVLWVFRQWUROERWKDUHUHPRYHGIURPWKHRULJLQDOVDPSOH
DQGWKHPDWFKLQJSURFHVVFRQWLQXHV$VDFRQVHTXHQFH¿QG





D FRQWURO XQLW SUHYLRXVO\PDWFKHG WR DQRWKHU WUHDWHG XQLW´
$XJXU]N\DQG.OXYHS7KHLGHDLVWRDWWDLQWKH




,Q WKHRU\ RSWLPDO PDWFKLQJ VKRXOG RYHUFRPH WKH
VKRUWFRPLQJV RI JUHHG\PDWFKLQJ VXFK DV WKH FUHDWLRQ RI
EDG µODWH¶ PDWFKHV *X DQG 5RVHQEDXP  HYDOXDWHG
WKH SHUIRUPDQFH RI RSWLPDO YHUVXV JUHHG\ PDWFKLQJ SUR
JUDPPHV DQG IRXQG WKDW RSWLPDO PDWFKLQJ LV VXSHULRU WR
JUHHG\PDWFKLQJRQO\ZKHQWKHJRDOLVWRPLQLPLVHWKHDYHU
DJH 0DKDODQRELV GLVWDQFH ZLWKLQ SDLUV DPRQJ FRYDULDWHV
<HWRSWLPDOPDWFKLQJLVQREHWWHUDWPLQLPLVLQJSURSHQVLW\
VFRUHV¶GLVWDQFHVRUDWSURGXFLQJEDODQFHGPDWFKHGVDPSOHV




















SDUWLFXODUO\ WKH RSWLPDO PDWFKLQJ 0RUHRYHU ERWK JUHHG\
DQGRSWLPDOPDWFKLQJV\VWHPVVKDUHD OLPLWDWLRQZKHQ WKH
FRPPRQ VXSSRUW DVVXPSWLRQ LV LPSRVHG DV LW VKRXOG EH





WUHDWHG LQGLYLGXDOV WR DZHLJKWHG DYHUDJH RI WKH RXWFRPHV
RIDOOXQWUHDWHGLQGLYLGXDOV7KLVFRPSDULVRQLVPDGHXVLQJ
















,QDQ\FDVH LI WKHPDWFKHGVDPSOHGRHVQRW WXUQRXW WREH
















WZHHQ WUHDWHG DQGXQWUHDWHGXQLWV VFDOHGE\ WKH VTXDUH URRWRI WKH DYHUDJHRI WKHLU
VDPSOHYDULDQFHV+HLQULFKet al.
YDULRXVPDWFKLQJDOJRULWKPV.KDQGNHUet al%UDYR
8UHWD7KH','DSSURDFK DV LQLWLDOO\ VXJJHVWHGE\
+HFNPDQ et al  PHDVXUHV WKH GL൵HUHQFH EHWZHHQ
WKH H[SHFWHGRXWFRPHRI WUHDWHG DQG FRQWURO JURXSV DW WKH
EDVHOLQH LQRXU FDVH DQG WKHGL൵HUHQFH LQ WKH
RXWFRPHDWDSRLQWW\SLFDOO\FORVHWRWKHHQGRIWKHLQWHUYHQ





ZKHUHȦij  LV WKH ZHLJKW XVLQJ 360 JLYHQ WR WKH jWK











BENEF fAGLAND, CAFEECO, NUMBER,

































LQJ DOJRULWKPV DQG SURSHQVLW\ VFRUHV JHQHUDWLQJ D WRWDO RI
 PDWFKHG VDPSOHV 7KH FRPPRQ VXSSRUW FRQGLWLRQ LV
LPSRVHGLQDOOFDVHV









FRYHULQJ  KRXVHKROGV RI ZKLFK  ZHUH EHQH¿FLDU
LHVRI WKH0$5(1$SURJUDPPHZKLOH WKHUHPDLQLQJ
FRQVWLWXWH WKH XQWUHDWHGRU FRQWURO JURXS2I WKH XQWUHDWHG
JURXS  KRXVHKROGV QHLJKERXUV DUH ORFDWHG ZLWKLQ
0$5(1$¶V DUHD RI LQWHUYHQWLRQ DQG  KRXVHKROGV DUH
ORFDWHG RXWVLGH RI WKDW DUHD QRQQHLJKERXUV 'DWD ZHUH
FROOHFWHGGXULQJWKHDJULFXOWXUDO\HDUEDVHOLQH
DQGWKHQIRXU\HDUVODWHUIRUWKHSURGXFWLRQF\FOH
HQGOLQH 7KH GDWDVHW LQFOXGHV LQIRUPDWLRQ RQ VRFLRHFR
QRPLFDQGGHPRJUDSKLFKRXVHKROGFKDUDFWHULVWLFV DOWHUQD




LHV YHUVXV QRQEHQH¿FLDULHV 7KH NH\ RXWFRPH RI LQWHUHVW
IRU WKH HYDOXDWLRQ LV WKH WRWDO YDOXH RI DJULFXOWXUDO RXWSXW
 6LPLODU WR%UDYR8UHWDet al  WKH VSLOORYHU H൵HFW LQGLUHFW H൵HFW RI WKH
0$5(1$SURJUDPPHEHWZHHQQHLJKERXUVDQGQRQQHLJKERXUVZDVDOVRLQYHVWLJDWHG









FRQWUROJURXSDURXQG+1/ WKDQ IRU WKH WUHDWPHQW
JURXS+1/
7KHODVWWZRFROXPQVRI7DEOHFRQWDLQVWDWLVWLFVWWHVW
























PRGHO GHYHORSHG E\.OHLQ DQG 6SDG\  WKDW KDV WKH






7KHQH[W VWHS LV WRFDOFXODWH WKHSUHGLFWHGSUREDELOLWLHV
7DEOH*URXS FRPSDULVRQV SULRU WRPDWFKLQJ EHQH¿FLDULHV YV
FRQWUROEDVHOLQH
&RYDULDWH 7UHDWPHQW &RQWURO 7ZRVDPSOHWVWDWLVWLF
6WDQGDUGLVHG
GL൵HUHQFH0HDQ 6' 0HDQ 6'
$*/$1'           
&$))(&2           
180%(5            
$/7,78'           
$*(       
('8&            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25*$          
$66,67         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79$2EHWZHHQ DQG IRU  VDPSOHV





 IRUD UHYLHZRI WKHPDWFKHGVDPSOHJHQHUDWLRQSURFHVV
7KH$7(7UHVXOWVFRQVWUXFWHGXVLQJDRQHGLPHQVLRQDOYHF
WRUDUHVKRZQWKDWLVPDWFKLQJLVSHUIRUPHGRQO\XVLQJWKH
SUHGLFWHG SURSHQVLW\ VFRUHV HVWLPDWHG IURP ORJLW SURELW








7KH JUHHG\ PDWFKLQJ QRQSDUDPHWULF NHUQHO DQG
ORFDO OLQHDUZHUH SHUIRUPHG LQ D67$7$GR¿OH SURFHGXUH
psmatch2.ado SXEOLVKHG E\ /HXYHQ DQG 6LDQHVL 




VDPSOH 7DEOH  IRU WKH EDVHOLQH \HDU ZHUH XQEDODQFHG
$*/$1'25*$ DQG$66,672I WKH WRWDO PDWFKHG
VDPSOHV FRQVWUXFWHG HLJKW PDWFKHG VDPSOHV  WR 
 WR  GLG QRW \LHOG EDODQFH IRU RQH RI WKH FRYDULDWHV
$*/$1' RU 25*$ DQG RQH PDWFKHG VDPSOH 0
H[KLELWHGWZRXQEDODQFHGFRYDULDWHV25*$DQG$66,67






)LUVWO\ DOO VWDWLVWLFDOO\ VLJQL¿FDQW$7(7 HVWLPDWHV IRU























































































/5FKL   
:DOGFKL 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Greedy matching

















































1RWHV 2QHWRRQHPDWFKLQJ 6L]H RI WKH FDOLSHU XVHG LV D TXDUWHU RI D VWDQGDUG
GHYLDWLRQRIWKHSURSHQVLW\VFRUHDVVXJJHVWHGE\5RVHQEDXPDQG5XELQ)RU
WKHIRXUPRGHOVWKHVWDQGDUGGHYLDWLRQUDQJHGIURPWR¼7KHRSWLPDO

















al  ZKR IRXQG WKDW WKH0$5(1$ SURJUDPPH KDG




DQG.RSHLQLJ :HDOVR WULHG WR H[WHQGRXU DQDO\VLV
E\UHOD[LQJWKHPDMRUDVVXPSWLRQVLPSRVHGLQWKHORJLWDQG
SURELWPRGHOV WKDW DUHZLGHO\XVHG WR FDOFXODWH SURSHQVLW\
VFRUHV DQG DOVR E\ FRPSDULQJ GL൵HUHQW DOJRULWKPV HJ
JUHHG\ YHUVXV RSWLPDO:H REVHUYHG WKDW WKH XVH RI SUR
SHQVLW\VFRUHVIURPDVHPLSDUDPHWULFHVWLPDWLRQ.OHLQDQG
























2QHRI WKHSRWHQWLDO UHDVRQV WKDWRSWLPDOPDWFKLQJKDV
QRDGYDQWDJHRYHUJUHHG\PDWFKLQJ LQSURGXFLQJEDODQFHG




LQJ HYHQZKLOH WKH\ KDYH HTXDOO\ EHWWHUPDWFKHG VDPSOHV
7KDWEHLQJVDLGRXU¿QGLQJVVXSSRUWWKHYLHZWKDWWKHZD\
SURSHQVLW\ VFRUHV DUH HVWLPDWHG ZKHWKHU SDUDPHWULFDOO\
































FRQVHTXHQWO\ DYRLGLQJ EDG PDWFKHV *X DQG 5RVHQEDXP
&DOLHQGRDQG.RSHLQLJ$XJXU]N\DQG.OXYH
 DQG$XVWLQ  XVLQJ0RQWH &DUOR VLPXODWLRQV
WRH[DPLQHGL൵HUHQWDOJRULWKPV IRXQG WKDWZKHQDFDOLSHU
LVXVHG LW LVSRVVLEOH WRDFKLHYHEDODQFHERWKIRUFRQWLQX
RXV DQG ELQDU\ FRYDULDWHV DV ZH IRXQG IRU DOO PDWFKLQJ
DSSURDFKHV XVHG 1RWH WKDW WKH LPSRVLWLRQ RI WRR QDUURZ
DFDOLSHUFDQ UHVXOW LQ WKH ORVVRIREVHUYDWLRQVDQGFRQVH
TXHQWO\DQLQFUHDVHGYDULDQFHRIWKHHVWLPDWHVVRWKDWQRQ
SDUDPHWULF DSSURDFKHV NHUQHO RU ORFDO OLQHDU DULVH DV DQ





,Q SUDFWLFH DV VHHQ LQ WKH DSSOLHG OLWHUDWXUH FOHDUO\
VRPHYDULDELOLW\LQWKHUHVXOWVDUHWRVRPHH[WHQWH[SHFWHG




PDWRU WKDWZRUNVZHOO LQ VLPXODWLRQV GRHV QRW QHFHVVDULO\
EHKDYH LQ WKH VDPHPDQQHU LQ DSSOLFDWLRQVZLWK UHDO GDWD
ZKLFKZDVWKHPDMRUPRWLYDWLRQIRUWKLVVWXG\
7R WKH EHVW RI RXU NQRZOHGJH FRPSDULVRQV RI JUHHG\
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3  +RZ GR DJULFXOWXUDO SURJUDPPHV DOWHU FURS SUR
GXFWLRQ" (YLGHQFH IURP (FXDGRU -RXUQDO RI $JULFXOWXUDO
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  KWWSVGRLRUJM
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7XWRULDOLQELRVWDWLVWLFVSURSHQVLW\VFRUH
PHWKRGV IRU ELDV UHGXFWLRQ LQ WKH FRPSDULVRQ RI D WUHDWPHQW
WR D QRQUDQGRPL]HG FRQWURO JURXS 6WDWLVWLFV LQ 0HGLFLQH
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7HFKQLFDO 5HSRUW 5RPD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,QWHUQDWLRQDO)XQGIRU$JULFXOWXUDO'HYHORSPHQW






















HFRQRPLF GHYHORSPHQW$PHULFDQ (FRQRPLF 5HYLHZ  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.KDQGNHU 65 .RROZDO *% DQG 6DPDG +$  +DQG
ERRNRQ,PSDFW(YDOXDWLRQ4XDQWLWDWLYH0HWKRGDQG3UDFWLFHV








/HXYHQ ( DQG 6LDQHVL %  360$7&+ 67$7$PRGXOH
WR SHUIRUP IXOO PDKDODQRELV DQG SURSHQVLW\ VFRUH PDWFKLQJ
FRPPRQ VXSSRUW JUDSKLQJ DQG FRYDULDWH LPEDODQFH WHVWLQJ
6WDWLVWLFDO6RIWZDUH&RPSRQHQWV6HULHV1R6%RVWRQ
0$%RVWRQ&ROOHJH
/L 4 DQG 5DFLQH -&  1RQSDUDPHWULF (FRQRPHWULFV
7KHRU\DQG3UDFWLFH3ULQFHWRQ1-3ULQFHWRQ8QLYHUVLW\3UHVV
/ySH]5 DQG9DOGpV$ )LJKWLQJ UXUDOSRYHUW\ LQ/DWLQ
$PHULFDQHZHYLGHQFHRIWKHH൵HFWVRIHGXFDWLRQGHPRJUDSK
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7HFKQLFDO UHSRUW IRU WKH SRVW GHYHORSPHQW DJHQGD 3DULV
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6XVWDLQDEOH'HYHORSPHQW6ROXWLRQV1HWZRUN
6LDQHVL %  $Q HYDOXDWLRQ RI WKH 6ZHGLVK V\VWHP RI
DFWLYH ODERU PDUNHW SURJUDPV LQ WKH V 5HYLHZ RI
(FRQRPLFV DQG 6WDWLVWLFV    KWWSVGRL
RUJ
6LOYHUPDQ%: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'HQVLW\HVWLPDWLRQIRUVWDWLVWLFVDQGGDWD
DQDO\VLV 0RQRJUDSKV RQ 6WDWLVWLFV DQG $SSOLHG 3UREDELOLW\
/RQGRQ &KDSPDQ DQG +DOO KWWSVGRLRUJ
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
6PLWK +/  0DWFKLQJ ZLWK PXOWLSOH FRQWUROV WR HVWL
PDWH WUHDWPHQW H൵HFWV LQ REVHUYDWLRQDO VWXGLHV 6RFLRORJLFDO
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